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Introduction
The increasing prevalence of chronic kidney disease (CKD) and its adverse outcomes, such as cardiovascular disease (CVD) and death, and the high cost of treatment are major public health problems worldwide [1] [2] [3] . The International Kidney Evaluation Association Japan (IKEAJ) has been working to improve public health awareness of CKD. The costfree IKEAJ CKD detection program comprises a questionnaire, physical examination, and laboratory tests described in detail elsewhere [4] . Epidemiologic studies have raised awareness of the risk factors for onset and progression of CKD in the general population.
In the Japanese general population, the prevalence of newly developed CKD over 10 years was reported to be 19.2% among adults over 40 years of age, and levels of blood pressure (BP), blood glucose (BG), and serum lipid, obesity, smoking, and alcohol consumption affected the development of CKD [5] . However, the prevalence of CKD may have been underestimated in that study because the urine albumin-creatinine ratio (ACR) was not measured. In our recent study measuring ACR, we reported a CKD prevalence of 26.7% [4] .
The population of Japan in 2013 was 127, 410, 000 (61, 971, 000 men, 65, 441, 000 women). Japanese patients undergoing dialysis in 2010 numbered 289, 449 (180, 120 men, 109, 329 women); among them, 37, 238 (24, 660 men and 12, 578 women) started dialysis and 27, 241 (17, 413 men, 9, 828 women) died that year [6] . Thus, men outnumbered women in all instances, despite the slightly higher ratio of women to men in the general population. These differences between sexes suggest that differences in lifestyle affect both survival and the incidence and progression of CKD.
This study retrospectively compared sex differences in the prevalence, progression, and improvement of CKD among participants in the IKEAJ program to examine the effectiveness of the program and suggest future directions for CKD screening and management in Japan.
Patients and Methods

Participants
Participants in the IKEAJ program were aged 15 years or older with self-reported diabetes mellitus (DM) or hypertension (HT) or a family history of DM, HT, or kidney disease. This report describes 533 of the first 2 618 program participants who received 4 consecutive yearly examinations in the program from June 2006 through November 2011. The program was carried out at 13 Japanese clinics and medical centers in accordance with the relevant laws and regulations.
Informed consent was obtained from all program participants, and the Institutional Review Board approved this study, which was conducted in accordance with the Declaration of Helsinki of 1975 (as revised in 2005).
Data collection
Tests and measurements included height, weight, waist circumference, BP, creatinine (Cr), BG, serum high-density lipoprotein-cholesterol (HDL-C), serum low-density lipoprotein-cholesterol (LDL-C), hemoglobin A1c (HbA1c), hemoglobin (Hb) and ACR (spot urine). Body mass index (BMI) and estimated glomerular filtration rate (eGFR) according to an equation validated for the Japanese population [7] were calculated. BP was measured bilaterally in the sitting position. All laboratory tests were performed with samples collected during the medical examination and sent on the same day to a central laboratory vendor (SRL, Inc., Tokyo, Japan). 
Statistical analysis
Results are expressed as mean ± standard error (SE) values. We assessed differences in the same group with the t-test for paired data. The unpaired t-test was used to compare mean values between groups. The chi-squared test was used to compare differences between groups. Repeated ANOVA was used to compare median changes between groups. In addition, regression analysis was performed using a dependent variable (change in eGFR over 3 years) and independent variables (waist circumference, BMI, systolic blood pressure (SBP), diastolic blood pressure (DBP), ACR, Hb, HbA1c, HDL-C, and LDL-C at baseline). SPSS ver. 20 was used for statistical analysis. Significance was established at a level of P<0.05.
Results
Participants
The CKD prevalence was not significantly different between men and women, at 27.7% and 28.2%, respectively. Because many differences existed between sexes in participants with and without CKD (Table 1) , it is important to examine the influence of sex on CKD prevalence and progression. Table 2 shows the changes of participants with poorly controlled BP, BG, and LDL-C over 3 years. In regard to poor-controlled BP, more hypertensive participants with CKD at baseline had a previous diagnosis of HT more than those without CKD in both men (P<0.01) and women (P<0.05). In relation to poor-controlled BG, there was no significant difference in diagnosis at baseline between diabetic participants with CKD and those without CKD in either men or women. As for poor-controlled LDL-C, significantly more female participants with CKD and dyslipidemia at baseline had a previous diagnosis of dyslipidemia compared to participants without CKD (P<0.05).
Changes in blood pressure, blood glucose, and low-density lipoprotein-cholesterol
SBP and DBP in men and women with and without CKD decreased significantly over time (Fig. 1 ). There was no significant difference in BP between men with and without CKD. SBP and DBP in women with CKD were significantly higher than those in women without CKD. HbA1c levels in men without CKD and women with and without CKD increased significantly over time (Fig. 2) . Although the LDL-C levels in men and women with CKD decreased significantly over time, there was no significant difference in LDL-C in men or women without CKD (Fig. 3) .
Changes in albumin-creatinine ratio and estimated glomerular filtration rate ACR levels in men and women with CKD decreased significantly over time, except among men at 3 years. On the other hand, they increased significantly over time among men and women without CKD (Fig. 4) . eGFR levels in men and women with CKD did not significantly change over time. In contrast, eGFR levels decreased significantly over time in men and women without CKD (Fig. 5) . It is important to note that ACR levels were decreased while eGFR levels were not decreased in many patients with CKD during the 3-year follow up. In regard to CKD participants at baseline, significantly more women than men achieved a cured status at 3 years (Table 3 ). In cured cases in women, the levels of BMI, SBP, DBP, Hb, LDL, and ACR were significantly decreased and the level of HbA1c was significantly increased at 3 years compared to their respective levels at baseline. However, in men, no parameters were significantly changed (Table 4 ). Figure 6 shows the changes in ACR (a) and eGFR (b) in cured cases of CKD. Most men and women with eGFR that increased to >60 mL/min/1.73 m Regression analysis demonstrated that change in eGFR over 3 years was significantly correlated with ACR in men without CKD (change in eGFR = -1.170+0.378×ACR, P<0.015, r 
Discussion
From a public health perspective, the IKEAJ CKD detection program was seen to be beneficial because participants with CKD experienced a significant decrease in ACR level and maintained a consistent eGFR level over the 3 years of follow up. In addition, Table 2 . Changes of poor-controlled blood pressure, blood glucose, and low-density lipoprotein-cholesterol levels in patients with and without chronic kidney disease 0 g/dL) . BMI, waist circumference, SBP, DBP, Hb, HDL-C, LDL-C, and HbA1c were well controlled in many participants. In the IKEAJ program, many baseline parameters were found to be different in participants with and without CKD and between sexes. It is therefore necessary to consider these differences when examining the progression of CKD.
Anemia is common among advancedstage CKD patients and is a known risk factor for morbidity and mortality. Even mild anemia has been reported to increase the risk of progression of ESKD in patients with DM independently of sex [8] . That study included patients who already had a moderately decreased eGFR. In contrast, there are no reports identifying a sex difference in mild anemia as a risk factor for ESKD in people with relatively preserved eGFR levels (>60 mL/min/1.73 m 2 ). Our data indicate that the slight decreases of Hb and mild anemia are independent predictors of decreasing eGFR in only women with early-stage CKD. Anemia is a modifiable risk factor that can be treated Okada/Yanai/Takeuchi/Matsuyama/Nitta/Hayashi/Takahashi: Relationship Between Hemoglobin and eGFR in Women or prevented by erythropoiesis-stimulating agents and correction of iron status. Because iron deficiency anemia often appears in women, we suggest that it is responsible for the iron deficiency anemia we observed in this study. Further investigation is needed of the relationships between anemia, iron status, and the progression of early-stage CKD in women.
BP in men and women with and without CKD decreased significantly over the course of this program, indicating that the program is effective for BP control. HbA1c levels in men and women with and without CKD increased significantly. LDL-C levels in men and women with CKD were significantly reduced and therefore this program appears to be effective for promoting control of LDL-C in CKD participants. Taken together, the IKEAJ program is a useful public health activity that can benefit participants with and those without CKD.
The influence of sex differences on the incidence of CKD is not well understood, although it is known that men and women with CKD have differing rates of renal dysfunction progression. It has been reported that women have a lower risk of progression than men [8] . On the other hand, at least one study reported that CKD progresses more rapidly in women of postmenopausal age than in men [9] . A meta-analysis demonstrated that men with CKD of various etiologies show a more rapid decline in renal function than women with CKD over time [10] . It has been suggested that these sex differences are associated with not only HT, DM, dyslipidemia, and dietary factors but also with renal structure and function, direct cellular effects of sex hormones, the renin-angiotensin system, prostaglandins, cytokines and growth factors, and estrogens [8] . Although the mechanisms by which sex differences influence the progression of CKD are not well understood, treatments such as salt restriction remain the same. In the present study, we found no significant difference in the incidence and progression of CKD between sexes, although more men had advanced-stage CKD than women.
There are rare reports of CKD, in relation to microalbuminuria and eGFR, being cured. In the present study, significantly more women with CKD than men were cured at 3 years, although no significant difference was observed in the progression of CKD between men and women without CKD. Although the progression of CKD is clearly dependent on primary kidney disease, in men and women who attained a cured status, their past history of primary kidney disease was similar. It has been reported that mortality rises exponentially with decreasing eGFR below 60 mL/min/1.73 m 2 , while albuminuria shows a linear association [11] and eGFR below 60 mL/min/1.73 m 2 has been independently associated with hospitalization, cardiovascular events, and death [12] . Because the level of eGFR did not recover to greater than 60 mL/min/1.73 m 2 except in some women, interventions for CKD patients should be implemented before their eGFR level decreases to 60 mL/min/1.73 m
.
The IKEAJ CKD detection program is beneficial because it can prevent increases in ACR and decreases in eGFR levels over 3 years. Focusing on a high-risk population detected a high prevalence of CKD. These program data also demonstrated that CKD is a public health issue in Japan and that management is inadequate. Family doctors had achieved poor control of BP, BG, and lipid levels of the patients with CKD, indicating the need to educate family doctors and patients on the control of these factors. Our results suggest that the slight decrease of Hb within a normal range and mild anemia can be managed in women with early-stage CKD and that there could be a need for intervention for CKD patients before their eGFR levels decrease to 60 mL/min/1.73 m
2
. In addition, we may need to treat mild anemia in women with CKD at an early stage, even if their Hb level is within normal range. We believe that if this reduction of Hb could be prevented, ACR level and eGFR level would decrease or increase further, respectively, in women with cured status. Long-term follow up of the population by assessing CKD detection efforts, treatment, and control of risk factors is also needed in order to determine the impact of public health awareness programs. Last year, the Ministry of Health, Labour and Welfare invited public participation throughout the country to identify a practical project for preventing exacerbation of CKD. IKEAJ was selected as a project operator and has just started prospective investigations into the influence of the lifestyle and diet on the progression of CKD stages 1 to 4.
Conclusion
CKD prevalence and progression rate were not different between sexes. But, significantly more women with CKD had a "cured" status than men with CKD. Most whose eGFR increased to >60 mL/min/1.73 m 2 had values just below those at baseline. Regression analysis showed that change in eGFR correlated significantly with ACR in men with CKD and with Hb and ACR in women with CKD. These results suggest that the slight decrease of Hb within a normal range and mild anemia can be managed in women with early-stage CKD. The key baseline for eGFR is 60 mL/min/1.73 m 2 .
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